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Abstract
Tengella radiata is a spider endemic to Costa Rica whose webs change as spiderlings
mature into adulthood. As adults, a key component of their webs is their use of cribellar
thread, spun from a specialized silk-producing organ, the cribellum. This paper seeks to
figure out what the structural benefits and distribution of this silk in adult Tengella radiata
webs. To address this question, I analyzed thread density in different regions of the web,
the amount of cribellar thread used in different segments of the web, and tested thread
resistance in cribellar and non-cribellar thread. I found that the area near the spider’s
tunnel has a higher thread density with little to no cribellar thread, while the periphery of
the thread has less thread density but also has the highest amount of cribellar thread. I also
found that cribellar thread is three times stronger than non-cribellar thread. This is an
indicator that their web structures have a different arrangement according to web location.
This could also be relevant for establishing a specific prey capture technique.
Beneficios estructurales y la distribución de hilo cribelado en telas de Tengella radiata
adultas (Araneae: Tengellidae)
Resumen
Tengella radiata es una araña endémica de Costa Rica cuyas telas cambian conforme
las arañas van madurando. Como adultas, un componente clave de sus telas es el uso de
hilo cribelado, hilado por un órgano especializado, el cribelo. Este trabajo procura estudiar
los beneficios estructurales que ofrece este tipo de hilo al analizar la distribución de este en
la telaraña. Para esto, analicé la densidad de todos los hilos en diferentes lugares de la
telaraña, la cantidad de hilo cribelado utilizado en diferentes segmentos de la telaraña, y
también probé la resistencia de hilo cribelar y el hilo no cribelado en la misma tela.
Descubrí que el área más cercana al túnel de la araña tiene la mayor densidad de hilos de
seda con poco o sin ningún hilo cribelado, mientras que la periferia de la tela tiene menor
densidad de hilos pero también tiene la mayor cantidad de hilo cribelado. También
encontré que el hilo cribelado es tres veces más resistente que el hilo no cribelado. Esto
indica que la estructura específica de las telarañas tienen arreglos diferentes según la
posición en la tela. Esto también puede ser relevante para establecer una técnica específica
de captura de presas.
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Introduction
All spiders utilize their silk, a protein fiber, for a myriad of functions. The types of
silk a spider produces and the ways in which it is used varies greatly between different
species of spiders (Spagna 2008). They are key in providing nutrition and shelter for a
female and her offspring by allowing her to make cocoons, nests, and webs where spiders
can catch and wrap their prey either through aerial webs that catch flying insects or sticky
ones that allow the spider more time to subdue larger prey (Opell 2012). A type of spider
silk that exhibits the characteristics of the latter can be found in cribellar threads, a thread
spun by spiders of 180 genera in 23 families (Opell 2012; Coddington and Levi 1991;
Platnick 2011).
Cribellar threads are formed by thousands of fine fibrils and were the first highly
evolved sticky prey-capture threads that spiders ever utilized (Platnick and Gertsch 1976;
Seldon et al. 1999). Although most species in the Araneomorphe suborder have lost this
innovation, cribellate spiders can be found throughout several families, each with their
unique variation of the thread over a broad geographic range (Eberhard and Pereira 1993).
Cribellate spiders draw their fibrils from their silk-producing organ, the cribellum, with a
setal comb found on the penultimate segment of each of the spider’s fourth legs, the
calamistrum (Opell 2012; Peters 1984, 1992, 1995).
Tengella radiata, a species endemic to Costa Rica in the Tengellidae family, uses
cribellar thread when constructing sheet-like webs amongst vegetation, trees, and on the
forest floor. Adult webs are large, triangular sheets with a tangle of web above and below
the central sheet. At the apex (the most protected section), in the interior of the web, the
spider constructs a tunnel where the female spider rests (Barrantes and Madrigal-Brenes
2008). The architecture of webs produced by spiderlings and adults in this species are
indistinguishable. Spiderlings in their third life stage (instar) already possess a cribellum
and calamistrum, but do not add cribellar thread to their webs until their seventh instar
(one life stage before females reach adulthood) (Barrantes and Madrigal-Brenes 2008).
Throughout the life stages of T. radiata, their webs go through many shape shifts before
ultimately reaching their ubiquitous shape. Despite a lack of cribellar thread, younger
spiders still successfully capture prey with regular thread webs (Barrantes and MadrigalBrenes 2008). Why then is cribellar thread incorporated into webs in later stages of life in
T. radiata if it is still possible to capture prey without it? According to Spagna and Gillepsi
(2008), the evolution of cribellum has been proposed as a repeatedly lost characteristic in
many lineages because of its high metabolic cost making it now a non-functional, reduced,
or absent characteristic in many species.
The question this paper addresses is: what are the structural benefits of the cribellar
thread in adult T. radiata webs and how is it thread distributed throughout the web?
Cribellar thread is only integrated in adult webs and is metabolically costly to make. Thus, I
expect these spiders to utilize specific patterns of cribellar thread throughout their webs in
order to construct larger and stronger webs.
Methods
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To begin my study, I identified ten T. radiata webs near the Monteverde Biological
Station in Monteverde, Costa Rica on May, 2017. I discriminated the adult webs from
juvenile webs based on the presence of cribellar thread which look like thick, hazy white
veins over the web. In order to observe how much cribellar thread the spiders use and
where they use it, I observed three different locations on each web. I observed the area
directly in front of the tunnel (A), the center of the web (B), and the area furthest from the
tunnel at the periphery of the web (C: Fig. 1).

Fig. 1: Picture of an adult Tengella Radiata web
Arrow furthest to the right points to the spider’s tunnel, arrow A points to the first area I
analyzed closest to the tunnel (the apex), arrow B points to center of the web, arrow C
points to the periphery
I standardized each portion that I observed by creating a 3cm x 3cm scale and
placing it on each section that I observed. I then took detailed pictures within the scale
using an Olympus point and shoot digital camera. After taking the pictures, I categorized
each section based on criteria that I would later subjectively assign each picture to. My first
category was analyzing amount of cribellar thread found in each section, I categorized each
section on a scale of one-five based on how much cribellar thread was present in the (1: 010% coverage, 2: 10-25% coverage, 3: 25-50% coverage, 4: 50-75% coverage, 5: 75100%coverage: Fig. 2).

Ramirez 4
Cribellar Thread in Tengella radiata Webs

Fig 2: Varying levels of the amount of Cribellar thread in a given area of Tengella Radiata
webs, Increasing from left to right.
Fig2a. 1: 0-10%, Fig2b. 2:10-25% Fig 2c. 3: 25-50% Fig 2d. 4:50-75% Fig 2e: 5: 75-100%
Secondly, I analyzed the overall thread density in each section based on the amount
of surface area that the thread covered. I also categorized these on a scale from one-five,
one being the least dense, and five being the most (Fig. 3).

Fig. 3. Varying levels of thread density on Tengella radiata webs
Fig3a. 1- Least Dense, Fig3b. 2- Low Density, Fig3c. 3- Medium Density, Fig3d. 4-High
density Fig3e. 5- Highest Density
The last category I created was based on the debris caught on each location of the
web. I categorized each section based on the amount of debris within the section on a scale
from one-four (1: 0-5 pieces of debris, 2: 5-10 pieces, 3: 10-20 pieces, 4: 20+ pieces). T.
radiata webs are consistently exposed to a large amount debris because of the locations
that they are regularly built on. I compared the amount of cribellar thread to debris to see if
there was a pattern that would connect where spiders decide to place cribellar thread and
which areas of the web are exposed to the most debris. The amount of debris is important
when considering the strength of the thread and amount because they pose a physical
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threat to the structure of the web and the distribution and type of thread may be arranged
in such a way to account for this disturbance.

Fig. 4. Caliper with masking tape on both adjusting jaws to hold down thread. Cribellar
thread is being tested in this image.
Later, I estimated the area of each web that I observed by measuring each web’s
length and width. After finding the area, to determine what structural benefits may lie in
the use of cribellar thread in T. radiata webs I compared the size of the web to the amount
of cribellar thread in each web.
Lastly, I performed resistance tests on cribellar and non-cribellar threads using a
caliper. I tested two threads of both kinds from each web. I placed the thread over the
adjusting jaws set at 1 cm and stuck them on with masking tape. Both types of threads were
attached to the adjusting jaws at a starting distance of 1 cm (Fig. 4). I then began turning
the adjusting wheel to gradually stretch the thread and stopped once it tore. I repeated this
process with forty different threads, two threads of each type for all ten webs, and
documented the maximum distance it took to tear the thread and calculated an average
value for both the cribellar and non-cribellar thread. Based on this data, I compared the
relative resistance of each area in the web and determined the distribution of thread types
in T. radiata webs.
Results
The area nearest to the tunnel had the least amount of cribellar thread, the center of
the thread was the most variable area of the thread, and the area in the most exposed
region of the web had the most amount of cribellar thread. This area is also the only one
where the highest amount of cribellar thread can be found, 3 out of 10 locations have 50100% of this metabolically costly thread within their structure (Fig. 5).
In order to further analyze patterns in these web structures, I also measured the
overall thread density in the different locations on the web. This analysis helps to answer
why these spiders choose to place the amount and type of thread where they do. The area
near the tunnel was primarily the densest region. The center of the web also had the
greatest variation in density amount. Most webs had medium and above medium density,
with a decrease in level 5 density. The periphery of the web is the area with the least web
(Fig. 6).
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Fig. 5. Amount of Cribellar thread found closest to the tunnel, in the center, and on the
periphery in Tengella radiata Web.

Fig. 6. Thread density based on location in Tengella radiata web in the area closest to the
tunnel, center of web, and in the Periphery of web. (D1: Least dense, D3: Medium density,
D5: Greatest density).
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Fig. 7. Amount of Debris is compared to the amount of Cribellar thread on the Tengella
radiata Web. Debris is categorized from 1-4. Debris 1: 0-5 pieces of debris and Debris-4:
20+ pieces of debris. The amount of cribellar thread is separated based on the percentage
of surface area that it covers on the web.
A majority of this debris is dead leaves, twigs, and dirt. After plotting the amount of
cribellar thread and comparing that to the amount of debris in a given location, there is no
clear connection between the amount of debris an area is exposed to and how much
cribellar thread can be found in a given location; debris seems to be scatted throughout the
entire web (Fig. 7).
After testing two sample threads of each kind for all ten webs, the average
maximum distance to tear cribellar thread is 3.67 cm (±2.15), while the average maximum
distance to tear non-cribellar thread is 1.05 cm (±0.62). This shows that the cribellar
thread was stronger than the non-cribellar thread (t=30160, p=0.0001; Fig. 8).
The maximum total amount of cribellar thread in a web could be 15, and the
minimum a web can be assigned is 3. According to the scatter plot above, one of the
smallest webs had the largest amount of cribellar thread, while some of the larger webs
had the least amount of cribellar thread. There was no significant correlation between the
amount of cribellar thread and an increase in web size (Fig. 9).
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Fig. 8. The average maximum strength of Cribellar thread compared to non-cribellar
thread. The average length required to tear a cribellar thread is 3.67 cm, while the average
length required to tear a non-cribellar thread is 1.05 cm.

Fig. 9. The Amount of Cribellar Thread in a web compared to the surface of the Tengella
radiata web (cm2).
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Discussion
Adult Tengella Radiata spiders use less thread overall on the periphery of their
webs than in both the center and the apex. Similarly, they also place more cribellar thread
on the periphery of their webs than in both the center and the apex. Furthermore, cribellar
thread is a significantly stronger thread than non-cribellar thread. These findings give
insight as to why spiders choose specific thread placement patterns throughout their webs.
An explanation for the density pattern in the webs can be related to protection. According
to Barrantes and Madrigal-Brenes (2008), the area near the tunnel is the most protected
region in the web, which would require a higher amount of thread to ensure that the spider
can always have access to her web from her tunnel (Barrantes and Madrigal-Brenes 2008).
A threat to this important location is debris, which can accumulate in certain areas
and either tear it or block access to prey at the center of the web. However, debris was
found to be randomly distributed throughout the web and did not affect where the spider
chose to place a particular type of thread. Despite the lack of correlation between the
amount of cribellar thread and debris, as well as the lack of correlation between amount of
cribellar thread and web size, these sheet webs are highly exposed to debris and other
external factor and their use of this highly resistant thread may promote an increased
structural stability.
The resistance of cribellar thread compared to non-cribellar thread may be another
indicator as to why there is less overall thread used in the less dense area of the web.
Cribellar thread is significantly more resistance than non-cribellar thread; therefore,
spiders may use this as a compensating mechanism, where they do not have to use such a
high quantity of cribellar to achieve the same resistance level as having a higher amount of
regular thread.
An important aspect of these webs that was not observed was the use of each thread
type and thread placement and its effect upon prey capture. Sheet webs allow spiders time
to catch larger prey that land on their web than other webs (Platnick and Gertsch 1976;
Seldon et al. 1999), and based on how far the spider is from its prey, successful capture
relies fast she can reach it before it escapes. If prey lands in the center of the web, the
spider has a relatively high chance of reaching it in time to attack, but if prey lands in the
periphery of the web, the spider needs more time to reach it. This is where the benefits of
utilizing a highly specialized silk would be beneficial to ensure that the spider would have
equal success of capturing prey throughout the entire web. The data collected in this study
paired with a future study on prey capture success could further explain the benefits that
cribellar thread provides to Tengella radiata webs.
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